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5 <A1thougvh the'_bpurpose. of this"pa.per- is to discuss longér-rangé r“weather
forecasting and projection of climaté ﬂuctua;:iéns, by placing these problems
iﬁ thé setting of fhe‘ wholé#pec-t:&giﬁ of v;}eather forecasting Qécan better
éxblai.n the speéial pfoblem_s thé-ldz}ger rangés pose. ‘Public forec_:aéts
. '_arvé: regula.rl_y iss‘ue'.d for per.iéds Upf"f.rorrji a few hcﬁrs up to 90 days. 'I‘hez;e

are évén soniér warnings issued with;leia.a 'time:s of mil‘:‘tutes_.i;n t’h‘evcélse of -
“tornadoes beériﬁg' dow# c}mi 't.o.wns and éitiés.,'_a"rhé latter .é,re séﬁnétimés B
v dissemi;a;ted by he.r.o;ic me;a.sufes': kbﬁiiéfi#s.i;ﬁterruﬁting sche_dulé_d >TV
and-?adioﬂprqgra_n_q.s, .c:ivil -d.efense warging siregs, and poliée'c‘aj;rs :
: .;:ruising"city Sé.‘&étS.- | ‘ | . |
Forecast_s in thé _-vafious b-r_;v‘é.‘nges' idifvfe;" i;n...accura..cy and detail of
j.‘-b-:'m:formationé A meaéure. df‘.the--defaii;?xéﬁded in ’ti:ie forécésﬁ»%oul&ﬁe

the sheer bulk bof 'ihformé.tior%' éroﬁﬁed .‘éil 1"J-.vse:r-s, V.Thebzv*e’is;‘ noready B
' figure fgmf this, buf ifér co‘.:mp!a;'i_ng-'det;a'.ihl of fotecasts 111 the \r‘axji:éﬁs .'ra.n'ges,:,
- tixe amount 'éf inférzr;ation’ traﬁSﬁi&é'é.from.the Na’r;ioné.l Meteofologicél‘ ' |

.»Center (NMC)on jt_rﬁevnatiionv‘ri'de v&_%eafher "telec-ommuhiéatioﬁ's ﬁ‘.etworks

. will do. The infqrmat.ioﬁ is mthe ’fofin of maps oﬁ whiéiz vafious weather
parameters are charted, aﬁ& méssages both in worded forrr;, (alpl{xa.bétic’s.')
and numerically '.codved form (_numerics). The ch‘ar_ts Varl:"e transmiit;ad b&' _
facsimile, which ié a telecoﬁﬁnunicé.tions sy’_stém enabling fhe rep:oddction :

“of transmitted charts at the receiving stations, Alphanﬁi‘nerics are




. transmitted on teletypewriter circuits, Although many govermﬁental

agencies and private and induétrial organizations now have receivers
éonnected té the netW§rks, the original pufpo;e, and perhaps still the

| most important purpose, of the nefworks is quick‘ ¢ommunicé.tioﬁ-of
information among..the 52 Forec‘ast .Offiées and 250 local Service Offic-esv .
of the National Weathe&: Service. " The information transmitted Ey NMC
on the networks consists of inforniation about the current and pfédiét;e&
state of the atmosphere, It is princiéallv used by the 3(‘)v€}‘_.~odd offi.;:'e‘s-“ g
as guidancé iﬁ pfeﬁaring forecasf:s for the»igeneral public‘ é,ﬁd r?:;a.-ny |
specialized usersk,. | | |

i-The most detaiigd set of f.drecastAi_nfq'rmation is for peri_dds of f.,'rom.

12. houré to 3 days. These aré iésued'iocélly séveral,timgé daﬂir, vahd '
‘are‘essenfially‘forecaéts for all 10531 areas of fhe U. S. of thé s.equenc'é ’
in time of ‘tempera'curé,'wiﬁd,»-cloudiﬁess,: ra,in_fé.ll,- snowfall, vand other _
forms of precipiéé.tioﬁ, " The bulk §f information ffcﬁn NMC is staggering
by yesteryear's st.a-ndar-ds. NMC gﬁi.dance for the se*}eré,i Ibmndire‘d‘
forecasters all ov.el; tﬁe céuﬁtr’y cAonsistsb of about 500 fac sifﬁile charts

' ciaily and a half miliion telefype zc.g:t-ou.ps (a group is five alphanuméric

' cha“r.a.cters). |

As the lead time gets longer, the .amoﬁni: of »information and the

detaii in fhe foréc.a.sts dramatically decreases, NMC guidance for'f_érecastsv
.3, 4, and 5‘. dayé iﬁ advance; consists of 15'facsimiie cha‘rrté'and 250 teietype

' groups daily, Although nominaily the charf:s é.re for a specific time of

‘ day, they are interpreted as being merely typical for the 24 hour period,
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For days 6-10, a set of three charts and 300 teletype groups are
issued from NMC as guidance three times a week. The charts give only

averages over the five days of circulation, temperature, and precipitation.

The temperature forecasts are given in five categories: normal, and above,
much above, below, and much below. Precipitation is given in three

- categories: heavy, hght and moderate, _all relative to the norma.l

The thlrtywday outlook, as 1t is called, consists of a Eourwpage

pu'bhca.tlon dlstrlbuted by mail, There are three charts for North America

. conta.1n1ng forecast 1nformat10n, and three similar cha.rg,s for Eurone and
Asia, The North American charts are also dlstr1buted by fa.cs;.mﬂ.e.' These

“forecasts, " 1ssued twice monthly, are for 30-day averages of temperature _

and prec:.pltatlon Forecasts are in three categories for tempera.ture '

(above, - below, and near normal), and in two categorles for prec1p1tat10n

e (hght and heavy', ‘both relative to normal) The skill is low, a.lthough

detectable and by users a.ccounts useful Whereas. no forecast”
(chmatology) yl.elds a 33% chance for each categorv the thlrty«day
outlook changes -this to 40%,

The seasonal 90-—day, outlooks are similar toithose for thirty days.
Only one chart of temperature forecasts is lssued however, in two
é,atego‘ries——above and below normal, There is a third category, whlch

in effect is ""no forecast, ' for those areas where the odds are too close ‘

to call, Predictions of precipitation are made, but have no detectable

significant skill, so are not issued, They are made experimeritally, with.
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the view to_improﬁng thé‘r‘n to the éoint vof usefulness. The s:easonal :
'vforecasts are issued four' times >arbmually.

| The pro.gres.siv‘e lack of detail and information in the pre‘dictil.ons as
forecasts are made farthér iﬁ advance ié hot due ’co.usérs' needs and.-

: demands, nor arbitrary management decisions, nor Iéck of maﬁerial _
resources; 'I“h'}'.s characteristic of the public service .is due to‘fundar‘nentals
of the forecbasti;ng problem itself, It ‘is a cha.fa.cteristic that. \;ill femain with
the system.noimatter what-is doné.

'Foreca.sts_ in all rénges and our ability to improve them, are limted
.by three things: - | |
| 1. .‘ : Data.. ‘Information about the state of the atmosphere and itvs o
environfnent (the l;jrdrosphere,' solid earth, .anci space} 1s 1imi€e&. Iﬁ‘part
this is t_iqe to lack’o;f résour?:es, -in ia_art by the state of the-é.rt m tﬁe |
.technqi;agy of Q’bserving. | |
2, Our unrdér.st‘anding of thev physical pr'ocesses invo.lvé.d. aﬁd oﬁr- |
knowledge of the a.pproiariété methodologies and equations. Reléxé;tiéﬁ _.
of this limitation is lar gely a matter of time, for it involves the unknown,
and therefore resea;ki-ch and leafning. The pace is affeéted By the amount

" of effort devéted to it, however, | |

3, Our capé.bilify to process information iﬁ a timely 'fa.shj.on. - This
limitatioﬁ involves é.vailability-of manpower, state-of-the-art in compﬁter"
technol‘ﬁgf, and ‘the ménageabiiity of the data progeséing'problem itself.
Advances during the past 20 ye‘ars.have come from sp'e‘ct’a.c‘ular bfeakthroughs
in computer power, .a‘ndiincreas‘ed compu’cef power re%nains a great hoée

for forecast improvement.




. " When we consider extending the lead time of forecasts, however, a

fourth "limitation' comes into play- -that of the degree of fundamental

determinism in the physical system with which we are dealing, We can

make accurate, 'highly detailed forecasts, includiﬁg tr-ends,_for vtoday |

and torﬁorrow. ‘We cannot do so for a particular dé.y rﬁo;ﬁ-e than fivé d#ys
‘in advance, Will *;ve vever‘ be a.bie to forecé.st weather accu’r‘ateiy and‘in
detail for a particular dé.y, say, a season ahéa.d? Thé answer is no,
unless some eﬁtirely unknown and unforeseen physical or mathemé.i:ical
principle is éiscévered. Sucvhva p:inciple rﬁa.y v'ndt exi.st,A ité&iépé%éiy
cannot bé planned,. and‘ it would ’impactv meteorblbog'y 1n ariwayv that tﬁe. o
disc overy‘of radioacﬁvity impé,cted physics, If aﬁd'when a disccvelfy like .
that is .mavdié,. we can be sure it will be known to tJ;s anci .used; It wéttl& bé '. )
a Sf‘rangé..sé.i’entist iﬁdeed wﬁo could keep sucﬁ ‘a. diécoveryl to hirﬁvsbe:‘,lf-;’
" even for.‘hisxﬁ:_ersonval_ bénefﬁ:. v.: |
| - Our prese;ﬁ: -undefstanding is that the atrﬁﬁéphére is fu.nda.men’;ally ’

unpredictable to a.degree, independent of how much we learn or how many

‘Tesources a.r:e de’vo‘tgd to the‘forecast problem, Thé prti)'blem-i-s'a far from
hoipeless,b howevér. We are not at fhe lim.i’c of predictébility, and some E
impro;rements can surely be made.

As reﬂécted in the vp;'eséni: pl;lblic‘ service, the fundaménta:l prediéta-
bility of the atmosphere (accuracy and detail) varieé ’in‘vevrsely wif:h lead
time, As therlea.d timg increases, the accu;‘acy and detail, r‘e.ﬂe‘ci:ed in '.

. : the amount of information dis seminated, decreé.ses.‘ There is a tradé—off




between accuracy and detail. For example, a forecast of tomorrow's

mean temperature over the Metropolitan Area would be more accurate than

a forecast of the temperature at Washington National Airport at noon

tomorrow. Similarly, if we were to forecast whether the last 15 days -

of a thirty-day period would be warmer, compared to normal, than the first

~ 15 days, our ékill, “or accuracy, .kmightl well be missing altogether with

today*s system,

“We are coming to the concept that there are "natural” ’pefiodé of the

atmosphere and its environment for the purposes of forecasting. About one

“week is such a.rrvla.ttiral period, it being typical of the time it takes. for;v |

certain cycles to take place. One reasonably homogeneous air mass is

" replaced by another in about a week's time, and it takes about a week for

~ one storm to follow another, Thus five days was selected as a suitable -

period to average over for the 6-10 day forecasts, Ninety dayé is also a

. ' natural period, it being aboutthe length of summers and winters‘.a;nd also the

periods of transition between the warm and cold seasons.  Thirty-days is not

a natural period, but was chosen becaﬁse'of the usefulness of outlooks for such

a period. - This is reflected in the fact that the thirty- and ninety—da.jr -

temperature outlooks have similar skill, in spite of the general predictability

principles already discussed, Forecasts of above or below normal temper=-

‘ature for the two periods; each have a probability of 60-65% of having the

correct sign,
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A period of thirty -da.Ys is likely to_be influenceci by such e%rents as
the odd storm or cold wave, which é.re unpredictable in the.t ‘rarrg'e; | An
average for ninety days is less 1nf1uenced by such a single event, and there
is more opportunity for a counter—balanc1og occurrence, Furthermore
a ninety- daf period prowdes a better opportumty for longer—term slowly‘
.a.ctmg mfluences to affect the outc ome, Among the most 11i<e1y candidates
' "a.re ocean surfa.ce temperature a.nomahes. Nmety days 1s also a highly
useful period .in terms of user needs. it is :roughlyr the leng_th of the growmg
' ~season, and also'th-e period of stress on energy proc'iucing end distribution
systems, ‘e. g‘. s eleot.rioity-for 'sommer air conditioning angivg.a‘.s-, ‘oii;, and
coal for Win.terl hee.{ing | | |

A year (365 days) is ne1ther a narural penod nor woul& predicted
' averages for such a penod be partmula.rly useful For example, a- yea.r
predlcted to be "normal” xnlght 1ndeed ’curn out to be -''normal, " bot on the
other hand mxght be compos ed of an unusua.lly warm summer and e counter—
balancing unusually cold Wlnter. A forecast of such normaloy‘ even rvhen
correct ;;vould ’oe of 11ttle use to anyone, and indeed wouid be downrlght
misleading to managers of energy.

Much is being done alreadf about predicting climate fluctuations,
aefined here vas means and varianoe over'periods of from a‘month to a
rnilleoium;v In the past the efforts ha.ve been by mdlwd\ral groups of
SCientists.'scattered all over the World Wlthou:, the real and present needs

of users, they have had a strong research and academic ﬂa.vor, Wlth 11tt1e
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. emphs.sis on real servioe. With t}te ‘rapidly.r" g.rowingvlworld-wide problems
‘of energy, food, »and water suppiy, this is changing. 'I‘he World M.eteot'-.
. ol‘ogical Organization is in the process of organizing th_e Wotld Climate
Program to provi'd'e.» intsrntationa.l ]..ead‘ership‘ and coordination, Thé U.; 5. -
" has dexteloped the U, S. Climate Pl'ah, and national agencies’ﬁave éev_eloped
plans for their individua.l‘_roles kinr,rthe Who‘lle.h For ei_cam.plbe, 'thveAre is thé
NOAA Ciimate Program (Deoembér 19777) and the Proposed NASA Contrib-
ution to the Chma.te Program (July 1977) LTy e
W1th the 1ead role to be played by NOAA in its Chmate Program Office,
ongomg natmnal efforts will be coordmated and augmented and new efi’orts
will be _sto.rted. Among, ongoing national efforts are the thirtst and nir;oty~
. day outlooks' already discussed axtensive. dynamical mode-liﬁg »-sf.fort's at
'. NOAA’S Geophysmal Fluld Dynarm.cs Laboratory, the Natlonal Center for
'Atmospherlc Research a.nd a few other pla.ces. Sta.t1st1ca1 aspects of
chmate, and the physmal effects of the hydrosphere, cryosphere, ’SOlld
earth and outer spaco upon 1t aro being studied at many places the |
programs o.t Sc'ripp'rs Ins-titute, .the University of Wisconsin, University of
California a.t Los Angeles, and Oregon State University belng a few examples.
NASA has recently orga.mzed the Goddard Laboratory for Atmospherlc
Sc1ences with a major empha.51s on climate studies including both ‘statistical

and dynamical modeling. NOAA's Center for Climatic and Environmental -

Assessment (CCEA) provides help to many governmental agencies and private
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~ and industrial organizations in interpreting cl-ifna.te’fluétuationé in terms

~ of their effects on crops, iv.‘ra't_er bsupply, and energy-production and

diétribﬁtion. |

Of prime intere'st to the Na.t%.ona.l Weather Service (N’WS) is the Climate

"~ Analysis Center (CA__C), *;xfhich ié'presently being orgé,nized iand sta;ffea
withé.n NWS. This is one of thé two service units in the‘national plan,
the other >'being' CCEA, The CAC will produce informé.tion on climé‘te
fluétué.tions; Eoth current and pfojected, ir; meteoroidgi&_ai vtez‘c.m;s ..
(tervnpera;tu'ré, i:‘»f.é:cipitation, ete. ). Its prime data éource’wﬁi'lti*'i:;éuf‘:ﬁe.
real-time data bé.nks of the Naﬁ.oné.l Meteorologicél Center. Thé CV:C'EA
will be a priﬁcipa,l user of CAC's information in its imﬁ)act as s.e:s',smexllt.,
Thé CAC will i:nclud'e a.de‘ajvel_'opment staffrto \&ork on>imp.rovve1.nent'of
its pfddﬁcts, and will bp’c"h do origiqal work, and.‘trans.'la.té re;'eaf;:h
results qbta.ir.l‘ed elséwhere iﬁto Qperation‘al practicé; :

The central fo;::‘.‘uvsngfl CAC will be on seas’onal.férecas‘t_irng.{_ Besides
aealing Qith a natﬁr;I ﬁériodﬂ ;Jf ec.c')nomiq significaﬁcé, the éealé onal-' :

' foreca'stk‘ha.s tl'rleAadx}aﬁtage of Eeing an existing product vwhose‘ ‘.general |
uses, ca"pabi‘lity; aﬁd limit;l‘:iﬁﬁs users are already familiar with, The
Vproblerhs to be a.tf.a.cked boil‘ down fo ext>envsion of lead tiﬁe, in;:rease in
accuracy, a.nd pérhaps providing more detail, ‘The present lead tirn.evis
five or six da;ys before fhe\peric_)dkbregins.. The accu.xféc':y of the fwo categoriés,
above and below normal, is 60-65% correct. Reasonable goals are to |
increase the accﬁraéy to 75% With fhe ﬁreseht lead time and d_eta.vil, and .

~ to increase the lead time with présent accuracy to 3 to 9 ﬁpnths. I,‘Lead

' times beyond these are neither likely to be achieved in the next decade,
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‘nor would they be as useful, Concentration of resources should take
into account the time in which users could or would react to the information,

Large dynamical models have been very successful in impro.ving the

_acgﬁracy of forecasting in ranges up to 10 days. The‘y have also .g.reé;tly' '
contributed to our @ﬁdefsta_.n‘ding_ qf atmospheric and vo'c,eanic processes
‘underlying climate. 7 Indeed dynaim'.cal modeling rrvlay_turn_ou‘t to be the
ultimate tool for projecting élimé£e fluctuations, | Realizaj:ion of tl}eir
| . promisé for thivs uég,- however, aépeérs fo be many years a.wa;y, _ Siﬁ.c.e the
CAC wi-..ll concentrate on developr'nent. of techniques for implémentaéidri |
within 2-5 years, ﬁit will.ha.ve no prograrﬁ in dynamical modelmg‘ iﬁstead
it ;Nill com::ent.ra.tev on -rempirikca;l an;i statistical i..nvgst.iga.tibns';a‘tnd tb>ecrhniqu.es,
"in working t.o improve .Ehe- é-cc’:ur.a.cy and iﬁc?ease the Iea.d..tir'ne’.: of seasonal

forecasts,

National Meteorological Center
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